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Most processing of sensation involves the cortical hemisphere opposite (contralateral) to the stimulated limb. Stroke patients can exhibit changes in the interhemispheric balance of sensory signal processing. It is unclear whether these changes are the result of poststroke rewiring and experience, or whether they could result from the immediate effect of circuit loss. We evaluated the effect of mini-strokes over short timescales (<2 h) where cortical rewiring is unlikely by monitoring sensory-evoked activity throughout much of both cortical hemispheres using voltage-sensitive dye imaging. Blockade of a single pial arteriole within the C57BL6J mouse forelimb somatosensory cortex reduced the response evoked by stimulation of the limb contralateral to the stroke. However, after stroke, the ipsilateral (uncrossed) forelimb response within the unaffected hemisphere was spared and became independent of the contralateral forelimb cortex. Within the unaffected hemisphere, mini-strokes in the opposite hemisphere significantly enhanced sensory responses produced by stimulation of either contralateral or ipsilateral pathways within 30-50 min of stroke onset. Stroke-induced enhancement of responses within the spared hemisphere was not reproduced by inhibition of either cortex or thalamus using pharmacological agents in nonischemic animals. I/LnJ acallosal mice showed similar rapid interhemispheric redistribution of sensory processing after stroke, suggesting that subcortical connections and not transcallosal projections were mediating the novel activation patterns. Thalamic inactivation before stroke prevented the bilateral rearrangement of sensory responses. These findings suggest that acute stroke, and not merely loss of activity, activates unique pathways that can rapidly redistribute function within the spared cortical hemisphere. ischemia | plasticity | in vivo imaging | recovery of cortical function | thalamocortical circuit D uring stroke, neurons that are deprived of their normal substrates can show signs of structural damage after as little as 2 min of ischemia (1, 2) . Over time, surviving brain tissue is thought to compensate for regions lost to stroke (1, (3) (4) (5) . It is generally assumed that recovery is a process that occurs over weeks and involves both the formation of new structural circuits and the alternative use of spared circuits (6) . Recovery after a small stroke may involve spared peri-infarct tissue with function similar to the infarct (1, 7) . In contrast, after a large stroke, tissue with similar function may only be found at more distant sites, such as the premotor cortex (for motor cortex stroke) (8, 9) or regions within the unaffected contralateral hemisphere (10) where structural remodeling can be observed (11) . Although the canonical view of sensory and motor processing is that body parts are controlled by neurons in the cerebral hemisphere on the opposite side of the body, ipsilateral pathways in which, for example, the right hemisphere processes information from the right side of the body are also present (12, 13) and may provide a means to recovery. Evidence suggests that stroke recovering animals and patients can exhibit widespread changes in activity patterns that can even extend to the unaffected hemisphere (14) (15) (16) . These altered circuits work within the intact contralesional (opposite to stroke) hemisphere (10) , leading to less lateralized (less crossed) activation.
It is currently unclear to what extent these widespread changes in activity reflect new circuits that develop through structural plasticity over weeks (7, 17, 18) or whether they might reflect latent circuits that are uncovered through disinhibition (19) or alterations brought about by propagating ischemic depolarizations that may occur within the first hours after stroke (20) . Recently, we have used voltage-sensitive dye imaging to assess how patterns of sensory-evoked synaptic activity change after targeted infarcts to individual arterioles (21) . Voltage-sensitive dye (VSD) imaging reveals both subthreshold and suprathreshold activity with high spatiotemporal resolution (22) . A limitation of VSD imaging methods is that the signals are from the superficial layers of the cortex. However, one should take into account the fact that the activity in superficial layers could arise from neurons in deep cortical layers because of their dendritic arborization (23) . Indeed, pyramidal neurons in layer V have apical dendrites that reach superficial layers and therefore, contribute to the signal (24) . In addition, recent studies have shown that, although sensory-evoked activity originates mainly at the granular layer of cortex, the activity distributes rapidly among all cortical lamina (25, 26) .
Our previous findings show that rapid changes in sensory processing within the peri-infarct zone can occur within minutes of stroke induction (21) . However, whether these changes can extend to the contralateral hemisphere is not known. Here, we extend these results by examining how targeted ischemia affects the regional spread of sensory activation within both hemispheres. Using a large bilateral craniotomy preparation, we show that targeted ischemia to even a single arteriole causes alterations in the patterns of sensory-evoked activity that extend beyond peri-infarct areas into somatotopic regions of the unaffected hemisphere as early as 30 min after stroke onset. These findings strongly suggest that existing sensory pathways are capable of redistributing activity to even the contralateral hemisphere. Because these changes in activity are observed at very early time points and even within the unaffected hemisphere, they may be an unavoidable consequence of acute stroke leading to an unmasking of existing pathways and not the result of poststroke maladaptive behavioral experience. cortical hemispheres before and after targeted ischemia to individual pial arterioles that supplied the primary forelimb sensory representation ( Fig. 1 A-D). Successful occlusion was confirmed using laser speckle imaging ( Fig. 1 C-F) as described (21) . The ischemic area, measured at the cortical surface, averaged 0.46 ± 0.06 mm 2 (n = 25 mice) ( Fig. S1 ). A single 5-ms tap stimulus was delivered to either left or right limbs (hind-and forelimbs) with a piezoelectric device. Before focal ischemia, stimulation of the limbs produced stereotypical depolarizing signals within the somatosensory representation of the corresponding limbs ( Fig. 2A ). VSD signals appeared within 11-15 ms of stimulation in the hemisphere contralateral to stimulation; then, these signals propagated to neighboring regions within the somatosensory (hindlimb and barrel) and later, curved to the midline area (Figs. 2A and 3A and Movie S1). Both fore-and hindlimb stimulationevoked VSD signals appeared to follow a preferred path involving motor, cingulate, and retrosplenial cortices (Figs. 2A and 3A, Movies S1 and S2, forelimb activation pattern, and Fig. S2A , hindlimb activation pattern). The propagation of sensory-evoked depolarization along these routes was similar to the propagation of spontaneous ongoing activity (27) and may suggest that evoked and ongoing activity can produce spatially similar patterns.
Approximately 10-15 ms after the earliest VSD response in contralateral forelimb cortex, the sensory-evoked response was observed within somatotopic regions of the hemisphere ipsilateral to stimulation (Figs. 2A and 3A). At later times, ∼50 ms after the forepaw stimulation, the sensory-evoked VSD depolarization spread, although weakly, to distal cortical regions, including contralateral and ipsilateral visual and retrosplenial cortices (Figs. 2 A-E and 3 A-E and Movies S1 and S2) (27, 28) . Spreading activity in somatosensory cortex in response to a single-tap forepaw stimulation is not a property of anesthesia and seems to be a feature of brain function. Work by Ferezou et al. (28) used VSD imaging in both anesthetized and head-fixed quiet awake mice to directly image the membrane potential dynamics of sensorimotor cortex.
Their results show that whisker deflections in quiet awake mice evoked a similar pattern of activity as observed in anesthetized mice. Before stroke, consistent with previous data (28, 29) , the ipsilateral signal was attributed to the spread of activity from the opposite hemisphere through the corpus callosum. After stroke, VSD responses were greatly reduced within the targeted forelimb representation in response to stimulation of either the left ( Fig. 2 A and C) or right ( Fig. 3 A and C) limb (Figs. S3 A and B and S5 A and B). The ischemic area is indicated by a white circle within the response images ( Fig. 2A) .
Consistent with our previous results (21) , the contralateral limbstimulated VSD signal was reduced in the stroke core but now, is concentrated within adjacent peri-infarct sensory and motor cortex ( Fig. 2 A and C and Fig. S3 A and B) , possibly through preserved connections from afferent sensory pathways (30) . These changes were associated with stimulation of the forelimb and were not reproduced when the hindlimb was stimulated ( Fig. S3 A-C).
Although the left forelimb-stimulated VSD response in the strokeaffected right hemisphere (contralateral response) was greatly reduced (P < 0.001; n = 13 mice) ( Fig. 2C and Fig. S3B ), left forelimb-stimulated ipsilateral responses were still present (within the left hemisphere) despite the loss of activity within the right hemisphere ( Fig. 2 A, D, and E). These ipsilaterally evoked VSD responses were not significantly different in amplitude or time course from prestroke responses ( Fig. S3 C and D) and in some cases, were even enhanced compared with the prestroke case.
These changes were associated with the stimulation of the forelimb and were not induced when the hindlimb was stimulated ( Fig. S4 A-C). The presence of ipsilateral responses (measured in the left hemisphere to left forepaw stimulation) in the animal with a stroke on the right side was surprising, because the contralateral (right) forelimb area was ischemic and could not relay this signal across the corpus callosum as expected in naïve animals (28, 29, 31) . and hindlimb (HL; red) before (C) and 30 min after (D) targeted ischemia to select pial arteriole segments (white arrows in C) that supply the forelimb area within the right hemisphere. Loss of blood flow (determined from the difference of speckle signals as shown in D) is overlaid in blue. (E and F) Laser speckle images of the area in C and D (darker tone indicates more flow) report regional blood flow and successful occlusion of the targeted pial arteriole (calibration bar indicates speckle contrast; SD/mean). Note that targeted ischemia was selective to the forelimb area and produced sensory deficits that were larger than the area of ischemia.
Changes in Sensory-Evoked Activity Extend to the Unaffected Limb.
When the unaffected forelimb ipsilateral to stroke was stimulated (for example, when a stroke was made within the right hemisphere and the right forelimb was stimulated), we also observed significant changes in VSD responses ( Fig. 3A and Movie S2). Most notably within the unaffected hemisphere, the contralateral forelimb response was significantly enhanced in peak amplitude (n = 13 mice; P < 0.01) and integrated area (n = 13 mice; P < 0.001) ( Fig. 3 B and C and Fig. S5 A and B) . The effect was also observed in areas neighboring the forelimb area such as the motor, hindlimb, barrel, and retrosplenial cortex. These effects indicate that reduced activity in the strokeaffected hemisphere alters the excitability of the unaffected hemisphere, perhaps through a loss of feed-forward interhemispheric inhibition (32) (33) (34) (35) (36) . Of note, these changes in forelimbevoked cortical activation patterns within the unaffected hemisphere were not present when the relatively unaffected hindlimb was stimulated ( Fig. S4 A-D).
Routing of Sensory Signals from the Unaffected Paw to the Stroke-Affected Hemisphere. In animals with a stroke on the right side, we also assessed the ability of the unaffected limb (right limb) to evoke activity ipsilaterally within the stroke-affected hemisphere (Fig. 3A ). We found that forelimb-derived ipsilateral signals were enhanced in related peri-infarct areas such as hindlimb, motor, and barrel cortex but were absent in the stroke-affected forelimb area ( Fig. 3 D and E and Fig. S5 C and D) . These results suggest that diffuse off-target ipsilateral signals are enhanced in the stroke-affected hemisphere. The exception was the forelimb area itself; it cannot respond, because it is ischemic. Notably, right hindlimb stimulation-derived ipsilateral signals were unchanged within stroke-affected hemispheres, except for the spread to the ischemic forelimb area ( Fig. S2 A, F, and G).
Pharmacological Inhibition of Activity Within One Hemisphere only
Partially Mimics the Effect of Stroke. It is possible that stroke simply produces a deficit in function that leads to less transcallosal activity and interhemispheric inhibition (32, 35, 36) within the unaffected hemisphere. Alternatively, stroke leads to events (perhaps ischemia itself or inflammation) (37, 38) that may actively promote a reassignment of circuits in a manner not strictly predicted by a simple reduction in activity. To address these possibilities, we sought to mimic an aspect of stroke's effect on the unaffected hemisphere by pharmacologically blocking activity within either cortex or thalamus in the absence of an ischemic lesion. Injection of 30 μM tetrodotoxin (TTX) into the granular layer of forelimb representation of cortex (n = 4) ( Fig.  4A , i) completely blocked the contralateral sensory response within the injected hemisphere (P < 0.005; n = 4) ( Fig. 4 A, ii and B). Consistent with previous findings (35) and contrary to our results after stroke, this treatment blocked the ipsilateral response within the uninjected hemisphere (P < 0.01; n = 4) ( Fig. 4C ) and reduced [VSD peak amplitude (ΔF/F 0 ) before and after injection of TTX into the cortex; P < 0.05 (n = 4) in forelimb area] the sensory response within the unaffected hemisphere when the unaffected forepaw was stimulated ( Fig. 4  B and D) .
It is also possible that acute stroke leads to a rearrangement of sensory processing through thalamic nuclei, resulting in a different balance of interhemispheric signaling (39) (40) (41) (42) . To address this possibility, TTX (30 μM) was injected into the right thalamic nuclei [ventral posteriolateral (VPL), ventral posteriomedial (VPM), and posterior medial nucleus (PoM); n = 11] (Fig. 5A ).
After this treatment, ipsilateral responses to left forelimb stimulation (measured within the left hemisphere) were blocked (P < 0.001; n = 11 mice) ( Fig. 5 B and C) . This result is consistent with the ipsilateral response in nonstroke animals being derived through transcallosal projections (28, 29, 43) . The lack of an ipsilateral response contrasted sharply with the sustained or even enhanced (within spared medial areas) ipsilateral response observed within the stroke experienced animals ( Fig. 2 A and D) . Together, our results with both cortical and thalamic silencing imply that, within 30-50 min of a stroke, ipsilateral responses are generated by a mechanism that may use an alternative pathway within the stroke-affected hemisphere.
We also assessed whether silencing the thalamus in one hemisphere would lead to disinhibition within the other hemisphere by assessing the effect of stimulating the unaffected limb (TTX in right thalamus and stimulating the right forelimb). Under these conditions, we did not observe changes in the peak amplitude (n = 10 mice) or integrated areas of VSD responses within the uninjected hemisphere ( Fig. 5 B and D) . Moreover, within these animals, transcallosal ipsilateral responses ( Fig. 5 B  and C) were not enhanced, contrary to our results obtained with stroke. These results reinforce the idea that acute stroke leads to selective changes within the circuits used, an effect that is not necessarily mimicked by a loss of input (40) .
Stroke-Induced Interhemispheric Rearrangements of Sensory-Evoked Activity Patterns Can Occur in the Absence of Transcallosal Connections.
To further address the source of interhemispheric rearrangements of sensory-evoked activity patterns after stroke, we used a line of mice that lacks a corpus callosum (n = 7) (27, 44) . One potential caveat of using acallosal mice is that features of this mutant animal may be abnormal, and therefore, the effects observed after stroke lesions may be unique to this strain. In these mice, the callosal fibers fail to cross the midline, making instead a different structure (the longitudinal bundle of Probst) (45) . This structure provides redundant ipsilateral cortico-cortical connections (46) . Surprisingly, these acallosal mice showed similar rearrangements in interhemispheric activity as WT mice after forelimb sensory cortex stroke, suggesting that subcortical pathways may be important for redistribution of sensory processing within 1 h after stroke ( Fig. S6 A-C) . In particular, these animals also showed enhanced responses to stimulation of the unaffected forepaw in the hemisphere opposite to stroke [VSD peak amplitude (ΔF/F 0 ) and integrated amplitude (ΔF/F 0 .S) before and after stroke; P < 0.01 in forelimb (FL), hindlimb (HL), barrel cortex (BC), and primary motor cortex (M1) areas] (Fig. S6 D-F) .
Stroke-Induced Rapid Interhemispheric Redistribution of Sensory
Processing Is Dependent on Thalamic Activity. Interhemispheric subcortical (47) (48) (49) (50) (51) or direct noncrossed ipsilateral fibers (52) have been reported in animals without stroke. Unmasking of these ipsilateral pathways could be a mechanism of the rapid functional rearrangement of sensory-evoked responses after stroke that we observed. To address these possibilities, TTX (30 μM) was first injected into the right thalamic nuclei (as described before) to inhibit thalamic activity. A photothrombotic stroke was then induced within forelimb representation of somatosensory cortex within the same hemisphere as thalamic inactivation (Fig. 6A ). As expected, thalamic silencing blocked (n = 6; P < 0.001) all residual sensory response to stimulation within the injected hemisphere produced by the stimulation of the contralateral (left) paw ( Fig. 5C  and Fig. S7B ). Ipsilateral responses to left forelimb stimulation that were normally present after stroke ( Fig. 2A) (measured within the left hemisphere) were blocked in these animals [VSD peak amplitude (ΔF/F 0 ) before thalamus injection and after stroke in FL, HL, BC, M1, RS, and V1 areas; n = 6; P < 0.001] ( Fig. S7 B and  C) where the right thalamus was inactivated.
In addition, we assessed the role of the thalamus in mediating enhanced cortical responses to the unaffected paw ( Fig. 6 B-D) . Forelimb area stroke made after thalamic silencing (n = 6 mice) did not lead to an enhancement of the peak amplitude or integrated area of VSD responses within the unaffected hemisphere (left) when the right (unaffected) forelimb was stimulated ( Fig. 6 B and C) . Moreover, within these animals, ipsilateral responses produced by right forelimb stimulation were not enhanced ( Fig. 6 B and D) , contrary to our results obtained when animals were given a stroke ( Fig. 3 A-F) .
Discussion

Diffuse Widespread Cortical Connectivity May Be Called on After
Stroke. In addition to consensus circuits, such as primary sensory areas, sensation-induced signals are routed to and within the brain along multiple diffuse pathways (28, 30, 43) . Diffuse connectivity may be called on to reroute signals after injury such as stroke. For example, somatosensory stimuli from a specific sensory system are preferentially routed through the thalamus to primary and secondary sensory areas dedicated to that body part, but they can also exhibit widely divergent activation patterns (28, 30, 34, 43, 53) . VSD imaging in mice revealed surprisingly widespread intracortical connectivity between related regions of the cortex, such as sensory and motor areas (7, 21, 27, 28, 30) . Thus, diffuse connectivity together with redundancy in neuronal processing may facilitate recovery from stroke damage and suggest a need to look for the circuits that mediate recovery over wide regions of cortex or even elsewhere, such as the thalamus or spinal cord (42, (54) (55) (56) (57) .
When Does Circuit Level Compensation Occur After Stroke? Evidence from our laboratory (7) and others (9, 14, 17, 18, 55, 57) supports the idea that changes over weeks in the structural circuitry of the peri-infarct region, as well as more distant areas, could contribute to recovery from stroke. For the most part, this evidence stems from the use of anterograde and retrograde tracers (that define axonal projections) and visualization of local dendritic spine turnover within the peri-infarct area or contralateral hemisphere (9, 11, 17, 18, 58) . In these studies, the tracers indicate connections to the peri-infarct zone from regions within the affected hemisphere as well as projections from the peri-infarct zone to other sites (7, 14, 17) . However, this evidence for structural plasticity must reconcile the fact that rearrangements in the patterns of sensory-evoked activity can even occur at very short time points that are too early for the sprouting of connections to have an effect (21, 33, 59, 60) . Furthermore, although structural connections are apparent at later time points, whether they or existing connections are used during the processing of sensation has been difficult to unequivocally establish (10, 61, 62) .
Rapid Compensatory Changes in Cortical Circuit Use Because of Loss
of Function. The appearance of new structural connections that form over weeks during recovery from stroke is supported by data from a number of different studies (7, 14, 17, 63, 64) . However, it is also possible to view the stroke recovery process not as a response to damaging events such as apoptosis and necrosis but as a form of compensation (homeostatic plasticity) because of loss of function (1, 65) . Stroke would produce a local loss of function that could lead to the removal of surrounding inhibition and patterns of activation using existing disinhibited spared circuits. Previous work in animal models (66, 67) and patients (68) has suggested that, after stroke, the cortex is relatively disinhibited, whereas other recent work implies increased tonic GABAergic inhibition (69) . Disinhibition is supported by electrophysiological data as well as neurochemical changes in both excitatory and inhibitory transmitter systems (66, 67, 70) . Disinhibition of this type leading to network changes has been observed in the absence of stroke with local inactivation of cortex (32, 35, 36) . This mechanism would fit our data, because it would be expected to be observed immediately after stroke induction and would not be dependent on the time required for the formation of new structural connections. A question that arises is whether loss of activity after stroke is different from loss of activity after a noninjurious event, such as cooling (32, 36) or pharmacological blockade (35) . During stroke in addition to loss of function within the ischemic core, there will be injurious events, such as inflammation, and waves of spreading depolarization (14, 20, 70) that may have very different effects than merely a loss of function. Interestingly, in our work, we cannot recreate all aspects of the alterations in sensory processing induced by stroke using the injection of TTX into either the cortex or thalamus. Notably, silencing the thalamus did not lead to enhancement of responses mediated by stimulation of the unaffected limb (the limb on the same side as the injection).
One open question is how stroke can elicit changes in widespread areas of the brain and particularly, within the contralesional hemisphere. It is possible that stroke elicits unique propagating electrophysiological events that lead to changes in sensory processing over wide regions of brain. Regarding mechanism, waves of depolarization can originate in areas adjacent to a stroke core and propagate into homotopic brain regions soon after injury onset (20, 71) . These recurrent depolarizing waves can propagate between hemispheres without the use of corpus callosal fibers (72) . It is possible that propagating depolarizing waves reduce the tonic cortico-reticular inhibitory influence and thus, increase the spontaneous frequency of ipsilesional thalamic reticular neurons. This is in accord with the results of the work by Bures et al. (73) , which showed that the functional elimination of the cortex during cortical spreading depression produces a clear cutout increase of the firing frequency of ipsilesional thalamic reticular neurons. The thalamic reticular nucleus is a net-like structure comprised of inhibitory neurons that envelops the thalamus and can gate thalamic relays (74) . Neuroanatomical tracing studies in rodents (47) (48) (49) , cat (50) , and primates (51), together with electrophysiological evidence (75) , provide support for reticuloreticularis connections between thalami in both hemispheres. Increased firing frequency of ipsilesional thalamic reticular neurons could lead to inhibition of contralesional thalamic reticular neurons and thus, disinhibition of thalamic relay neurons within contralesional VPL and VPM nuclei ( Fig. 7 and Fig. S8 ). Based on our hypothesis, disinhibition of thalamic relay neurons within the unaffected hemisphere could render them more sensitive to incoming sensory stimuli within thalamocortical circuits, resulting in the increased responsiveness of the contralesional hemisphere that we observe ( Fig. 7 and Fig. S8 ).
Possible Roles of Changes in Signal Lateralization in Recovery. We observe that changes in signal processing that occur immediately after stroke can extend to both hemispheres. Notably, we observe that the ipsilateral sensory response is normally dependent on the activity within the contralateral hemisphere, whereas after stroke, ipsilateral responses are preserved and apparently become independent of the contrateral hemisphere. This finding suggests that normally poorly functioning noncrossed responses (52) are augmented after stroke to make up for the lack of transcalossal input from the damaged hemisphere (noncrossed projections). (ii) A photothrombotic ischemia was then created within forelimb representation of somatosensory cortex within the same hemisphere as thalamic inactivation. (B) Cortical VSD fluorescence signal in response to tactile stimulation of the right forelimb in control (Top), after tetrodotoxin (30 μM) injection into thalamic nuclei (Middle), and finally, 27 min after photothrombotic stroke within cortical representation of right forelimb (Bottom). Note that, in this animal, the ipsilateral VSD response (dependent on transcallosal activity) resulting from stimulation of the right (unaffected) forelimb is still apparent after thalamic inactivation within most of the right hemisphere, but it was not detected within the strokeaffected forelimb area after ischemia. (C and D) Quantification of either contralateral or ipsilateral sensory responses to stimulation of unaffected forelimb in control after TTX-injected thalamus and finally, after forelimb stroke. Averaged data from six mice is shown.
These results bring up the question of whether the less lateralized (crossed) responses that we observe are detrimental to the recovery process. An emerging consensus from human imaging studies is that the most successful recovery occurs in individuals that exhibit relatively normal lateralized patterns of sensory activation within the lesioned hemisphere, whereas patients with larger stroke, who often show bilateral cortical activation, typi-cally have less complete recovery (4, 76) . Ipsilateral activation may, thus, indicate an inability of compensatory mechanisms to restore normal, predominantly lateralized sensory activation. An important point to remember is that these studies are done on patients at time points often weeks to months after stroke, making it difficult to extrapolate this work to the findings that we have in the setting of acute stroke after 1 h. Nonetheless, we believe that our results, although admittedly difficult to translate to longer time points, do suggest that wide-scale bihemispheric circuit level rearrangements could potentially occur in the absence of new structural connectivity. We should also note that we cannot rule out that long-range changes in structural projections contribute to altered sensory processing and function observed during stroke recovery (5, 7) . Such long-range changes are welldescribed after spinal cord injury and stroke, and agents that promote axonal outgrowth have clear permissive effects on the recovery process (55, 58, 62, 69) . A challenge in future work will be link areas with altered function to new structural connections. Perhaps such investigations will be facilitated by using optogenetic excitation and inhibition combined with promoters that are activated during stroke recovery (17) .
Methods
Methodological details are in SI Methods. Adult male C57BL6J mice were used (n = 32) for most experiments, whereas I/LnJ acallosal mice (n = 7; Jackson Laboratory) were used for a subset of these experiments. Animal protocols were approved by the University of British Columbia Animal Care Committee. Anesthesia was induced with urethane (0.12% wt/wt). For in vivo imaging, a large (7 × 8 mm; bregma 2.5 to −4.5 mm and lateral 0-4 mm) bilateral cranial window was performed over the cortex (SI Methods). For in vivo VSD imaging, the dye, RH1692 (Optical Imaging) (22) , was dissolved in Hepes-buffered saline: optical density of 5-7 (measured at 550 nm) applied to the exposed cortex for 60-90 min (SI Methods). VSD signal responses to stimulation were calculated as the normalized difference to the average baseline recorded before stimulation (ΔF/F 0 ) (SI Methods). To periodically assess blood flow, we imaged laser speckle contrast (67) as described in SI Methods. Focal stroke was induced in surface vessels as we described (66, 68) by the photothrombosis with Rose Bengal. We injected the photosensitizing dye into the tail vein. Within 10 min after injection, we targeted individual surface arterioles to induce photothrombotic blockage of blood flow using a 0.7-to 1.4-mW, 532-nm beam from a diode pumped laser (MGM-20; Beta Electronics).
ACKNOWLEDGMENTS. We thank Pumin Wang and Cindy Jiang for surgical assistance, Alexander Goroshkov and Jeff LeDue for assistance with optics, Jamie Boyd for assistance with computer programming, Matthew Fingas for help with early experiments, and Allen Chan, David McVea, Diana Lim, and Shangbin Chen for critical reading of the manuscript. . Note that ipsilateral sensory pathways are weak compared with contralateral pathways. The contralateral pathways are routed to the primary forelimb somatosensory cortex through excitatory thalamocortical pathways (blue) from contralateral thalamus and then, spread throughout nearby cortical regions such as the HL, BC, and M1 area (blue arrow). Sensory signals then spread within <15 ms to the homotopic cortical region within the opposite hemisphere through transcallosal pathways. Uncrossed ipsilateral pathways (green) make synapses on ipsilateral thalamus and cortex, respectively. Interhemispheric reticuloreticularis connections (47) (48) (49) (50) (51) 75) between thalami in either hemisphere are shown in red (detailed diagram in Fig. S8 ). (C) After stroke in the right FL area, contralateral thalamocortical inputs are disrupted, which leads to blockade of activity spread through the corpus callosum. Ischemia may also increase the influence of interhemispheric thalamic reticuloreticularis inhibition (red) and thus, unmask the ipsilateral pathways (green; from left forepaw) through disinhibition of thalamic relay neurons (inhibition of inhibitory neurons) within contralesional hemisphere. (D) The excitability of thalamocortical pathways contralateral to stroke, which carry the sensory information of unaffected (right) forepaw, may be enhanced (blue) because of down-regulation of interhemispheric thalamic inhibition (red).
